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Three new foci of TBE virus were located in Upper
Austria.

Shrews are now essential for virus cycle in Lower
Austria.

Survey with sera of game showed that TBE foci aon
scarcer in the West than in the East of Lower Austria.
HI test was as specific but less sensitive than the 1T.

Receptor-analogue substances for TOE virus are
probably Ca- .ind Mg-salts of polyphosphoinositioes.

Different strains of TOE virus induced the same
level of interferon in babymeuse brain. Othar viruses
of the TOE complex gave slightly higher interferon ti-
tors. The interferon inducing compound Poly I:C exhi-
bited excellent protection against infection with
TOE virus in mice.

Experimental studies showed that foxes, polecats
and woaseis can act as host of TOE virus.

The main arthropod and vertebrate hosts of Tahyna
and Calovo viruses were established. Weithor hetero-
thermal nor poikilothermal vertebrates can maintain the
virus cycle in winter. Overwintoring of Calovo virus
in Anopheles maculiponnis is conceivable.

"Marburg virus" replicated in Anoes aeQypti but
failed to multiply in Anopheles-maculipennis and in
Ixodos ricinus. The virus did not induce formation of
interferon in brains of baby mice and was not inhibited
by Poly I:C. The agent produces CPE in ELF cells. CF test
was found to bu useful for diagnosis of "Marburg virus"
disoase .

Animals from Anatolia had antibodies against arbo-
virusos of groups A and B.
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SICK-BORNE ENCEPHALITIS (TeE)..

"F ie 1 d S t u d i e s

(1) Introduction

In last year'o raport o Number-A37-67-C-0548)
investigations on the ecology of.:TBE virus were reported
carried out in 1967 in different. areas of Lower and Upper
Austria, Northern Moravia and Slovakia.

Several strains of TBE virus were isolated from ticks.
The role of small mammals within the cycle of TOE virus was
further established by means of a serological a.suvey.

Since Czech investigators (KozuchO.,Nosek,#.,
Lichard,M., ChmelaJ. u.ErnekE.) claim that shrews can act
as a reservoir of the virus, we attempted to evaluate the
significance of these animals in a focus in Lower Austria.
By mark and reiease-trapping a home range of approximately
600 m2 was determined cnd a low parasitation with ticks was
found.

Finally, a survey was started with sera of game which
eventually should give a complete picture of the-geographic
distribution of TBE virus in Austria.

In 1968, the studies were continued* Apart from the
surveillance of TOE virus in Lower Austria by attempts at
virus isolation from ticks..c.ollacted..in-.known.foci of
TBE virus, we searched for new foci in Upper Austria, where
in recent years an increasing number of cases of TBE was
recorded. We also pursued the studies on shrews and the
survey with sera of game.

The investigations oh viremia of wild-living animals
after infection with TOE virus which also elucidate their
role in the virus €•blei'h-natriie i*i* Fi'6jid-e1 where
(see pagelk.).

(2) Methods

(2,1)Ticks

.Nymphs and adults of Ixodes ricinus were Collected by
flagdragging and transported to the laboratory. The nymphs
were homogenized in pools of 10-20 individuals' beý adults
in pools of 5-10 i6rdi r'•esp'ctipvely, suspended in a
medium consisting of PBS and 10 % horse serum and inoculated
intracerebrally into baby mice. The animals were observed for
14 days.

I
S~Preceding Page Blank



In an area of about one hootar near Horntoitn smell man-
real traops wore set up about 15 motero fromi oeoil ather. From
March 1960 until Novomboer 1960 five oxouroione were done
(tho datoo and rooults of excursions ore listod in Toblo 2).
The traps woro baited with broad soaked in homgernized
larvae of _onobrie moqop.. Trope wore inopooted two to five
timeo during tho night, oaptured shroew weore investigated
according to mothodo doocribod in loot yoor'e roport (Con-
traot Number JA37-67-.C0548).

The last two exoursiono were done to anothor location
about 5 km south of the above mrntioned area.

We obtained blood eamples of game from different areoas
of Lower Austria. Sara were tested for the presence of both
homagglutination-inhibiting end noutraolizing antibodies. The
latter were Gooayod in L colso in whioh TOC virus was found
to give a complete CPE. The oells wore grown as deeosribed
elsewhero in this report (see pagoNJ ). The sora wore tooted
In a dilution IsS against 30-300 TCD 5 of the virus.

(;) -Roeulto

The results of tiok-oollopting and of virus isolations
eta listed in Table 1.

(~3,) _fiade&_(.Lowor Autri-a)l:
In 1968, the firot oxoureion was done on May 4-5. From

second oxoursion which woo done on Soptombor 21-22, 352 nympho
and 12 adulto wore collected. Ono 3troin of TOE virus woo
iaolatud frtom a pool of 17 nymphe.

(-3.R2) ._ S lzhof LowoL Auetra):

In tho spring oxouraion in 1960 which was oarried out
on May 25 and 26, a total of 1003 nympho and 213 odulto woro
collected. No virus could bo ivolatod. During the •ocond ox-
cureion in autumn (Soptomboer 14-15), 232 nympho and 23 adulto
wore colloctod and tostod for virvUO Throe otrains of TOE viruo
woro ioolatod from poolo consisting of 23 nympho, 26 nympho
and 2 males and 20 nymphs, respectively.

(3,3) HMonatein (Lower Austrial.

On Juno 15 and 16, 409 nymphs and 30 adulto woro goloc-
ted. No viruo could bo ioolatod..



Five oxoursiona for mark and reloooo-trapping of ahrow-
wore done in thin are•, the reaulto of which aro shown in
Table 2. In six nights (20 trop-inopo'tione) only nine opool-
mnops of mice (Ro2Dq Opp., atr~ml~ nd
four opooimenou of ohiOwo (Sorox qronous and S) x
wore trapped. Aloe in the lost two oxourulono done to a dif-
feront aroo only a oparoo population of shrews woe oboarvod,
Booatio of this, hroheo cannot play a major role in the
viruu cycle in Lowor Austria and thin otudy woo diooontinuod,

(3 4 U22r Autriat

In rocont yooor, we diagnoood ,. increoasing number of
oaooo of TOE in Upper Auotrio, particularly in the neigh-
borhood of Linz, Gocauoo of this, questionnairoe wore gent
out to patients who could froquontly doocribe the exet
location whore they had picked up ticks prior to their
becoming ill. On account of this information we conductod
a field otudy from October 15-17 in three different loes-
Lions (Pfonnigborg/Linz, Asoheoh and Kronodorf) in Upper
Austria (Fig.l).

All three investigatod looe.tions wore found to be fool
of TOU virus. From 392 nymphs and 41 adults of I1odeu ricinuo
threo strains of TOE virus could be isolated (Ta'Ie 1).

From 75 difforent locationo (Fig.2) of the southwootorn
pqrt of Lower Austria 236 blood samples wero obtained. In
Table 3 it can be soon that 22 (96) of thoa sppecinmons wore
positive in the HI toot and 55 (231,1) in the, 14T. t. must be
mentioned in connection with this diacrapanrýý, thot all the
otua which wuero pooitivo in the H1 veat alao grve ý- pouitivo
NT. Fig.3 and Table 3 show the rate of po 1tve 9ore in
both teats doriving from different aronec, It wtill be noted
that the poercentagu of poeitiveo varied frog' 4 to 15 percent
in th• HI toot and from 16 to 30 percent in tho NT. In Tablo 4
the rusulto are liotod occounding to the different specios
of game. Among rou door end rod dooe approximately 0 poecrcnt
positive soro wore found in the HI toot. This ie only helf
of the percentage of pooltivon found in loot year's ourvey
done with game from the southooot of Lower Austria.
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(4) Discussion

It has again been shown by the results of last year's
field studies that the Gfioder and Strelzhof locations
harbor permanent foci of TOE virus. In coming years the sur-
veillance of TBE in the east of Austria should, therefore,
be done in those areas by attempts to isolato the virus from
ticks at their peak activity in spring and in autumn.

The detection of three foci of TBE virus in Upper
Austria is of particular interest. Sendung out question-
naires to patients has helped a great deal to locate these
fobi and this method will also be used in our future studies.
Apart from Upper Austria, field studies will also be carried
out in Carinthia where, because of the largeo ooded areas,
"TBE must be endemic too.

Shrews cannot play e major role in the virus cycle in
Lower Austria because of their low population density.
registered in the Hernatoin area. By contrast, the results
of our experimental studies (see page 3I )give conclusive
evidence that some carnivora, particulary foxes, may act
as reservoir of the virus.This is a now aspect on the eco-
'logy of TBE virus, Yet, the high viremia of foxes as well
as high infestation with ticks combined with a home range
of many square miles makes them very suited for acting as
amplifying host in established foci and carrying the virus
to now areas thus starting new foci. This is, perhaps, the
way the virus has been or still is being introduced to the
western part of Austria.

The significance of roe deor as host of TOE virus remains
to be determined. As pointed out in Iast year's report
(Contract Number NA37-67-C-0548) a final conclusion can only
be drawn after the biological transmission of virus by ticks
has been attempted. We are hopeful that this important study
can be conducted shortly.

The results of tha survey with sera of game show that
foci of TBE virus are scarcer in the south west of Lower
Austria as compared with the south east, the site of the
previous study (Contract Number 3A37-67-L-0548). It was par-
ticularly interesting to learn that the HI test is as speci-
fic as the NT but considerably less sensitive.

In surveys with animal sera the NT will pick up more
positives than the HI test. This is not the case with human
sera, which in our experience, give equally good results in
both tests.



-5- 4

(5)1 Summary

Field studies on the ecaIo i-y4ind' -gographic distribution
of TBE virus wore carrind out in different areas.

Virus was isolated from ticks collected in the foci
near Pottschach and Strulzhof (Lower Austria). Throe new
foci of TBE virus wero found in Uppor Austria (Aschach,
Kronsdotf, Pfen'nigborg/Linz). .

A low activity Af shrowe wase observed near Hornstoino
From this it appears that shrows are not an essential host
of TBE virus in our foci.......... ..

Out of 236 sere of gamo from different locations in
the southwest of Lower Austria 9.3 percent wore found to
possess homagglutination-inhibiting antibodies to TBE virus,
whereas 23.3 percent had neutralizing antibodies. The
HI test was as specific but considerably less sensitive
than the NT.
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Table 1

Number of ticks (Ixodes ricinus) colloctod in different
areas and virus strains isolated therefrom.

Number of Number of

Excursion date nymphs isolated adults isolated
collected strains collected strains

Gfiodor

May 4-5 658 - so -
Sept. 21-22 352 1 12 -

strelzhof

May 25-26 1083 - 213 -
Sept. 14-15 232 3 23 -

Hernstein

June 15-16 409 - 30 -

Pfonnigborg/Linz

Octob.r 15 -17 35 10 1

Aschach

October 15-1? 190 19 -

Kronsdorf

October 15-17 167 1 12
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Table 2

Rosults of mark and roloaso-trapping of shrews ip Hornstein.

Numbar of Number of Number of
Excursion Doto trap-inspoctions trappings retrappings

1968
1 April 30 2 0 U1

May 1

2 May 14-15 4 (.1)
3 Sept.6-7 5()-

Sopt.7-8 2 1. (1) -

4 Oct.17-18 3 3 (2) 1

5 Nov. 9-10 4 1 (4) -

*in-parenthes-is ( .-number- of- trappings of small mammals
other than shrews.



Sorological invetigations of 9mo of 6 districts of tho
southwestorn part of Lowor-Auetria.

Number of Number of Number of
District sera tested sera poe. soro pos.

in the HIý (%) n tho NT )

Lilionfold 57 2 ( 3vS) 9 (15,8)

Krems (South of
the Danube-Rilvor) 40 6 (12,1) 9 (27,3)

St.PTlton 33 4 (15,0) 15 (37,3)

ueok (South of
the Danube-River) 42 3 ( 7,1) 8 (19,0)

Scheibbs 34 4 (11,B) 8 (23,5)

Amstotten 30 3 (10,0) 6 (20,0)

Total 236 22 (9,3) 55 (23,3)



Tablu 4

Serological invostigetions of difforent game spocioe

Number of Numbar of Number of
Specios sera tooted meor pos. sora pos.

in tho HI. -~In the NT,(~

Caproolus caproolus 187 15 (0,0) 47 (25,1)

Corvus olephus 33 2 (5,q) 3 (0,G)

Rupicapra rupicapro 6 3 3

Lopue europaous 1 1 1

liulpas oulpos 8 1 1

Plelos meles I. -

Total 236 22 5
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Figure 1

Foci of TBE virun in Uppor Austria verified through
virus isolation frum ticks

U PPER
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Figurq_2

75 dif%'eront locations in tho SýIljt; 4tt of Lower Auotris
f'rom which sora from gamoi wore obtained
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E xpuritan ntal Labor a tory
I on vaat 19 t ion a

(1) Chaolo.,1-invootiecttiono oonoorntin rocoptor aubetancoy
tor TBE virus.

IntRoduotipn

We found lipid substancoo whioh oun oompotitively inhibit
the homagglutinotion (HA) of TOE virus and, thoroforoo can be
rug•rdod ao roooptor-anologuu oubotanco or oven so the actual
roooptor oubatancoo. In provious uxpuriments (1,2), wo abowod
that emall amounts of theuo oubotancoe oould be oxtrootod with
cliloooform-mothanol 2i1 from brains of different animals.
Thoro, they oro found in the phosphatidyl-corino fraction (3).
Howovor, the bulk of thu HA-inhibiting material nan boot be
oxtraotod with acidified solvents. Thoso proportloe, togothor
with the observation that the activity of the oubotonco io most
strongly expressed when it in inoorporated in mioullar oomploxos
with certain a trimothylammonium group-oontaining lipids,
indicate that thoy might be found among the polyphoephoino-
sitidos (3).

Inopatto ofo ir rsulto:

•n a previous report (2) Uo dsocribed a oubetanoo pro-
oont in ox brain but apparently not present in mouse brain which
is able to competitively inhibit the HA of TOE virus oven
without admixture of the mentioned basic lipids. This uubetanco
has rocontly boon 3identifioed on n mixture of Co- and Mg-ealtG
ot phosphatidyl-ourifie (4). Howovor, in both the mentioned
oomuunioationa, the opinion wan oxprosood that possibly the
biological activity of this product hae to ho attributed not
to the main substance but to an accompanying compound. In the
light of the results of DAWSON (5) who could ahow that Co- and
in a loeour dogroe also rg-oalts of triphosphoinooitido have
a strong affinity for •ertain protoini and form complexes which
are soluble only in oolvonts acidified with hydrochloric aoid,
our assumption that the polyphoophoinositideo can act as recop-
tor oubotanouu gains considorabl weolght ond it is aloe very
proboblo that the HA-inhibiting proporty of the ox brain oub-
otencos is in fact duo to ito oontont of Ca- and Mg-salte of
a polyphoophoinositido.
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Extreotion "nd _2ifingtign 2tr po1y0(tmhuiIouioitiduW)

Our roount work coonoontratod therefore on the improve-
mont of thle oxtraction procoduruo and on tho idontificotlon
ond purif'ication of' thio. class of. chomical comppundpi. By
other outhorc; (6,7,0) it hao boon ohown that t)riphoephoino-
oltidu In brain In~ dogradod to about 1/4 of its initial volue
whihlin thu1 C Ir~t fiV0 MinUtue from tho dootti of tho animal.,
if tho organ Is not lihmmdietuly frozon. Thorefore, any brain
deliverod from the alaUghtor houno did not soom to be a pro-
mising starting material. On tho othor hand, mouseo brain,
the soutoo of activo lipido in moot of our oarlior experimenta,
olould not bo eamplod in avffioiont amounto for preparing oub-
stantiol quantitioo of polyphosphoinositidua. F'inaly, it woo
possible to obtain fresh frozon brain from rheslus monkeys

*which wioro usod to supply kidneys for tioeue culture.

With this monkey brain no otorting maturial, difforent
Preacriptiono for the proepration of polyphoopholnooltiduo

*wore tried. Beginning with the rothor laboriouo proceduro
of DITTPMER and DAWSON (9), we obtainegd at first very low
yiol~do of "raw inouitidool". In our ottempts to oimiplify
thei proedure and to increase the ilw ridas h
methods of PALMCR and ROSSITCf (10), DAWJSON and EICHDERG (6)
and SHELTAWY and DAWSON C1). _!L qf uji.qh. o4m frt. quentitei-
tivo oxtrootlon and Genýtimatiion of di- and triphoophioinooitido.
Because tho ocltimationo of the pulyphoophoipbuitidoo by all
the mentioned invoetigotoro wore done by determinotion of
phoophoruo and inooitol, any impurities not conttaining those
o ompounds did not interfero with the quantitotivo reoult.
I-iowpvor, OtILK impuritios tunichn ooijrreo in thnoso proparn-
tiono and which woro degradation products of hemoglobin,

oooldod ho hmoqlutinotion inhibitihq proporty of tho iiin
producta and had to be eliminated. Theref orc, we reverted
to tho original prooedure of DITTMEWR and OIA6S0N (9). B~y this
mothod, moot of the dark imipurities are removed tegothor with
triacos9 of othur lipido by choking the acidified extract with
NoCA oolution. iAftor centrifuging, the dark products are loft
in tlt)q ohioroferm phaso,whoroa8 the pelyphespheinooitideo. -

Oro obtained in form of at) intermediate laoyr aa thuir comn-
ploxoe with protuin. Those comploxos ore then denoturod end
'broken) with oci'd end the polyphoophoinoaitidou are fir~ally
6btaine~d eas free acids of Ca-salts. By introducing come oddi-
tieoial oteps to tho proceduru of DITFMLA and DAWSON (9), the
yield could be increaged, and a further addition, the extrac-
tion of aon intormodiato Co-inceitide-pretoin complex with
acetone, removed the lost troaco of' thle dark impurities.



A aoriou of email oltorationo of the Method made it posoiblo
to adopt the vulumoe of solvonto to the capacitioo'of the
available centrifuges. This enabled us to start with 100
brain instead of only 70 g 00 bofore. Unrfortunately, the
procedure io, now ouon nero laborioue and it takes about four
days to prepare a aamplo of raw inuootidees from frozen brain,
but now we are able th prepare in those four dayo 12-10 mg
of a noorly colorlooo product instoad of only 4-0 mg or a
brownioh oubutatico. Our progrooo in the preparation of raw
inooitidoo, can bo ooon inl Tablo 1 and tho latest prooaduro
which iiieerporatou aloe some features of the extraction pro-
coduro of WELLS nod DITTMER (12) io roprooontod in the
flow shoot of riQ.l.

The material obtained with this procedure showed a high
cepaooty for inhibiting the HA of TOE virus. It was aotiva
as low as 0j.002, pg/O.4 ml when applied together with the
50 told amount of locithin, It contained about 10 % phoophorua
which is the theoortloal value for triphoaphoinoeitido, but
when tested by thin layer chromatography, it proved not to
be a oingle, eubstance. Therefore, further purification is

* neceseary and the atoep suggested by HERR, KFOURY and
03IOCLLIAN (1:3) and by HENORICKSON and OALLOU (14) will
have to be considered.

Chroato'ahQXof inonitidoot

For monitoring the preparotion procedure and for the
estimation of the identity of intermediate and the purity
of final products, a reliable method was unavailable. Our
efArlier 3tt0rcPtG to dolvolop n Method of thin layer chroma-
tography with cellulose powder did not produce very con-
vincitna resulto. in the meantimo n TIC-method for polyphos-
phoinooitidoo uoing oilica gel Ii with an addition of
K-oxalatoe woo publiohior by GONi7AI.EZ..SASTRF and FOI.CH-PI1 (15).
flcowvor, in oui, hands also this mat-hod woo not very ootio-
factory. The occuxrrnae of a secondary front occluded the
rooulta and an identification of the spots woo not unequi-
vocal (Eig.2). A decrease of the oxalnto concentration from
I % to 0.2 % seemed to be advantageous, but neither by dif-
feront aotivation of the plates nor by alteration of the
solvont composition could thio secondary front bu olimioatod.
Alsc, it was not possible to lot the secondary front migrato
to the end of theo plato by longer i~ncubatiton in the tank.

* Final.ly, we fiad to give up this method and are now preparing
formalin-troatod filter papor for paper chromatography of poly-

ii
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phosphoinositides by the methods of LETTERS (16) and KAI
and HAWTHORNE (17) which both treat tho filter paper with
formalin and acetic acid at atmosphoric pressure. Their
procedures are derived from the original mothod of HORHAIMER,
WAGNER and RICHTER (18) who use 1230 at a pressure of
18 lb/in 2 . All of those methods are still uged in the labo-
ratory of bAWSON (personal communication), and we hope to
be ablo to reproduce them and arrive at an identification
of the active principle in our HA-inhibiting preparations.
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Figure I

flow shoot 1)

Preparation of raw polyphosphoinositidos from monkey brain.

100 g frzon brain

I) homogenize in two portions for
2 min.in waring blender with 550 ml
chloroform and 400 ml methanol,

1 2) shako for 20 min. at room temp.,
3) centrifuge 5 min. at 2600 g.

Supoernatant Sediment

1) homogenize with 700 ml chloroform
and 250 ml methanol,

2) shako 40 min. at room temp.,
1 3) centrifuge 10 min. at 2600 g.

Supornatant Sediment

Combined super-
natants i 1) suspend in 250 ml chlorof.-methenol-
(can be used for 1.2 N HCI 120 : 120 : 12,
preparation of 2) stirr 20 min. at 39 0 C,
other phospholipids). 3) centrifuge 10 min. at 3500 g.

Supurnatant Sedimont

11) suspend ini 250 ml chloro-
form-methanol-0.06 N HCl
120 : 120 : 12,

) stirr 20 min. at 390C,
3) cent-ifuge 10 min. at

3500 g.

Supernatant Sediment
=• 1 Irepeat extraction and
: -, !centrifugation

Supernat~ant Sodimant
discard

Combined acid extracts (I)
(-.660 ml)
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Flow shoot, contdl. 2)

Combined acid extracts (1)
(--.660 ml)

1) at-sake with 1/5 vol. 0.9 % NaCI,
2) centrifuge 10 min. at 2600 ~

Water'y upper layer Intermindinte layor
discard Lowe

chiorow rarm layer

shako again with
1/S Vol. 0.9
Necl,

cnrifuge

Watery upper laye Intermediate layer
discard

Lowor
chloroform layer

discard

Combined
intermediate layers (I)

1) suspend in 150 ml
chloroform-methanol 2:1,

2) shako with 30 ml 0.05
I ~M CaCl.,

:3) centrifuge 10 min. at

________2600 g.

Intermediate layer Lower chlorof. Upper ldyor
layer discard

I1) shako with 1/5 vol.
0.05 M Can 2 ,

j~j2).centrifugeJ

Intermediate layer Lower layer Upper layer
discard discard

Combined
intermediate layers (II)

R
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Flow sheet, contd.3)

Combinod
intermediato layors (II)

1) suspond in 50 ml acotono,
2) lot stand at room temp. for I hr.,
3) decant.

Acetone with Ca-Inositido-
brown impurities Protein Complex

discard 1) add 50 ml acetone and

roflux for 5 min.,
2) dry in vacuum at 400C,
3) add 50 ml ethanol and

reflux for 5 min.,
4) ovaporato alcohol and

dry in vacuum.

Denatured Ca-Inositide-
Protein Complex ( 400 mg)

I 1) suspend in 75 ml chloroform-
methanol 0.6 N HC1 50:25:3.75,

t 2) extract 15 min. at 39°C,
3) filter through glass wool.

repeat oxtraction
i and filtration

Filtrato Ros-iduo

Combined diocard
acid extracts (II)

( 150 mi)

1) shake with 30 ml I N HCl
2) centrifuge 5 min. at 3500 g.

Upher layer Intorrhodiato layer Lowor layer[
discard i

'combine intorm.and lower I.

I.
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flow shoot contd4 4)

Combinod intormodiato
and lowor layors

1) ehako with 1/2 vol.
chloroform-mothenol-
N HCI 3$48:47,

2) contrifugo 5 min.
at 3500 g#

Lowor layer: Intormodiato Uppor layor
Raw inositidos as protolnl layer discard

acids in chloroform discard

1) wash 3 times with 0#4 vol.
0.05 M CS Cl -mothanol-ohloroform 47:48:3

2) dry in vaouuA at 40 0C.

CO-salts of
raw inositidee

(12-18 mg)
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Figure 2

Thin-layer chromatography of IUU pg raw inositides on silica-
gel with U.2 ) K-oxalate. Solvent: chloruform-metharsol-4 N NH3
9 : 7 : 2. Time of runt 4U min.
Staining: Iodine vapour.

Front

( •Phosphatldylserine ?

Phoephatidylinositol ?

Di- and triphosphoinositide ?

SSecondary front

, --- Start



Summary

A class of lipid substances, extractable from fresh
frozen brain, con competitively inhibit the hoinugglutination
by TOE virus. They can be regarded as recoptor substances
and are very probably the Ca- and Mg-salts of polyphoephoino-
oltide,. The procoduro of the extraction of these oompounde
is extensively described and the increase of yield and
purity by curtain modification"s of the process and also some
experionoes of thin-layor chromatography are reportod.
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(2) io1xjati2oi.of..ntgi .oro ifl te_ brain of baby mioc aftoe
intoeotian with vrjAoo. of.te _ TI complox., -

Viruses of the TUC complox ore so olously related that dif-
ferentiation has been poosible only with few •erologioal methods.
In partiouler, Central Europoan Encopholitic (CEu) and Rlurtian
Spring Summor Encephalitie (RSSt) viruooe aro almoot indi-
stinguiohable from each othor as that they are now oonsido•-d
80 being subtypes of the oame. virus, namely TBE virus.

In the present study we investigated the at)ility to
induce interferon in baby mouse brain of the following viruees
of this oomplext CEE virus (strains Hypr, Jezek, Vie 415 0
and Ix 22792) and one sttain oach of RSSE virus, Louping ill
(Li) virus, Omok hemorrhagic fovor (OHF) virus, Kyaaanuiý
roreet disease (KIo) virus and Langat virus.

Baby mioe were infected with 100 LDo of virus, With all
viruses the minc were in a moribund otstW tive days after
infeotion when t.he brains of four mice wore removed and pro-
oossed to extrat t ntorforon ae described eleewhoro in this
report (neo page Yb ). However, in thle experiment the inter-
feron conaaining preparations wore toated to prevent infec-
tion in L til>r.4 of 100-300 TCDso of both EMC virus and
Voeloulor 4tob.mtiteo virus.

Au it is shown in Table I all virusos tested induoed
high levels of interferon. Suspension of brains infected
with strains of CCC virus as well as with RSSE virus inhibited
both challongo vtruco• up to a dilution of 1:320. Li, OiHF
KOD and Lengot- virus induced four-fold more interferon. Thus
RSSE and CCE viruses were not separable from each othor
with roopoot to their interferon-stimulation choracteriotico.

I
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Table 1

Content of Interferon in baby mouso brain

Virue 8aby mouao passage Interferon titer against
challenge virus

EM~C VS'J

Hypr 9 (Vionna) 1:320 1:320

Jzozk 3 (Vienna) 1:640 1:320

VIE 415 0 11 1:320 1:160

Ix 22792 3 1:320 1:320

RSSE 13 (Vienna) 1;320 1:320

LI 3 (Vienna) 1:1280 1:1280

OHF 4 (Vienna) 1-1200 1:640

KFD 4 (Vienna) 1:1200 1:1200

LANGAT 3 (Vienna) 1:1280 1:640

Four stra••s of CEE virus as well as one strain of RSSE
Uirus. induced the same level of interferon in baby m use
bruin. Fourfold highor titer8 of interferon were dotectablo
in baby mouse brains after infection with one strain each
-of Louping ill, Omsk hemorrhagic favor, (yasanur forest
di.;easo and !,angat viruses which are also mombors of the
TBE virus complex.



-20-

(3). Influence of the ihterfgron-induoinQ ppmpound UOly_•hC
an the infection with TBK virus in mic.

In a series nf experiments we tested the sensitivity of
TBE virus to Poly I:C (Miles Chem.Corp.), a double-stranded
polyribonucleotide, which is capable of inducing the forma-
tion of interferon as demonstrated by several workers.

In each experiment 80-100 mice weighing 10 g were in-
fected subcutaneously with the hypr strain of TOE virus.
Half of the mice were given Poly I:C (dissolved in PBS at
a concentration of 1 mg per ml) intraperitoneally while the
othat half only received PBS.

Number and time of injections with Poly I:C and amount
of the drug end of virus given in each test can be seen in
the Tables.

It will be seen in Tabla I that an excellent protective
effect was achieved with two doses of Poly I:C (each 100 pqg
per mouse) provided that the treatment was started not
later than three hours after infection.

For full protection of mice against encephalitis one
single dose of 100 pg Poly I:C was not sufficient. This is
clearly indicated by the results of two experiments shown
in Table 2.

Protection of mice was achieved against low doaes at
virus (10 LO• ) only. Trasted mice infacted with 43 and
67 LDO respictively succumbed encephalitis. How3ver, these
animaI survived significantly longer than the untreated
controls, thus showing that the drug still had an inhibi-
tory effect on the infectiron.

From all tests mice, which had survived infection due
to treatment with Poly I:C, had not acquired immunity
against TBE virus and were susceptible to challenge infec-
tion.

As it was possible to inhibit TBE virus zplication
by application of the interferon-inducir~q drug Poly I;C, _t
can be hoped, that many other arboviruses are sensitive to
this substance.
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Summary

Poly I:C was capable of protecting mice against fatal
tick-borne encephalitis, provided that application started
befor or few hours after infection and the infective dose
was low. If therapy began later or a virus dose of appro-
ximately SO LD.0 was given, infected mice survived longer
than untreated controls but rno full protection was
achieved. Mice which had survived infection due to appli-
cation of Poly I:C exhibited no immunity and were suscep-
tible to challenge infection.

......................- ,

. . . . . . . .
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Table 1

Dependence of Poly I:C influence on the beginning of
treatment

"Treatment Number of Number of Virus dose

Time Dose infected surviuing
* mice mice

18h before 100 pg mouse 50 47 (94%)

3h after 200 pg mouse
infection 5 LOso

18h before 100 jig mouse 50 42 (84%)

3h after 100 1g mouse
infection 7 LDO

0 50 13. (26%),

3h and 100 Pg mouse 50 34 (680)

18h after 100 ig mouse
infection 10 LO5 0

o so 2 4-

24h and 100 pq mouse s 3 6%)

48h after 100 pg mouse
infection 14 LD5 0

0 50 2 4%)

0 Untreated controls
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Table 2

Importance of the number of injections with Poly I:C

Treatment Number of Number of Virus
inf ected surviving doseTime Dose mice mice

3 and 100 Ag mouse 34 (68N)

18 after 100 Vg mouse
infection 10 LD

5' 0 -(4%)

3h after 100 jig mouse 5u 4 (E1%)
infection 43 LD so

So 5 0 0

3h after 100 gg mouse 50 6 (12%)

infection 67 LDO'

0 50 0

0 Untreated controls
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Table 3

Influence of Poly I:C against different dooos of virus

Treatment Number of Number of Average survival.
Virus infected surviving time
dose Time Dose mice mice

hi

3h and lO0pg mouse 50 34 (68yo) 12.05 days
10 h
LDi0 18 afterlOOILg mouse_• LD5 so

infection

.. . . 2 C. 4-,.) .. A..7...2...ay...
h=

hnd 1OUtg mouse 40 3 (7,S5) 9.78 days390 l0 afterlOO g mouse
LD5 o infection

0 40 0 7.88 days

h
3 and 100•g mouse 40 0 8.70 days

3900 h
L..D 10- atr~lp os

50inf ection .- "-- '-- --

0 Untrasted controls
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(4) VLremip of white mica aLter ± inftion with TOE virus

Viremia of mommals is an important factor in the oco-
logy of arbovirusos. Therefore we studied the influence of
ago on the development of viromia after subcutaneous infeo-
tion with TOE virus.

White mice weighing 8-10 g (3 weeks old) and approxi-
mately 35 g (3 months old), respectively, were used as a
model. From both groups (24 individuals each) one half
was infected with low doses (approximately 10 LD ) and
the other half with high doses (approximately 1 o0 ego LDo 0 )
of TOE virus. Each day a different group of mice was bled.
The blood was pooled and titrated intracerebrally in mice
weighing 8-10 g.

As can be seen in Figure 1, low infective doses of virus
induced two peaks of viremia in both young and old mice.
However in young animals it developed faster and persisted
at a higher level or a longer period than in old animals.

The application of a high dose of virus (Fig.2) was
followed by an earlier onset of viromia as compared with
those observed after a low dose. Again the 10 g mice showed
higher viremia than the older mice.

From our studios it is obvious that three weeks old mice
develop viremia longer and higher than adults, throe months
of age. Therefore it can be concluded, that young mammals
are mere importent fez the cyclu of arbovituses in riatur o
then old ones.

Summary

Three weeks old mice weighing 8-10 g and three months
old mice weighing approximately 35 g were infected subcti-
taneously with 100 and 1 000 000 LD of TOE virus. In-
fluence of age on development of vipsmia was studied. Low
infective doses induced two peaks of viremia, both in young
and adult mice, but the young ones developed viromia for a
longer period. After high infective doses young animals
again showed viremia longer and higher than old ones. There-
fore we concluded that young mammals aro more important for
arbovirus cycles than old ones.
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Figure Ii
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Viremia in young ( - U - U - ) and in adult (- -.-- ...- ---)

whitoe mice after s.c.infection with 1 000 000 LD of TBE virus
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(5) Vir-emia of some European carnivorn after infection
with TOE virus

In areas where TBE virus is endemic severol species
of carnivore are relatively abundant. In many of those
animals antibodies can be found showing their susceptibility
to infection. However, it is not known whether these animals
reach a level of viremia which is sufficient to pass on the
virus to sucking ticks and thus act as vertebrate hosts.
We conducted, therefore, a number of laboratory experiments
with carnivore with the hope to get some information on
their potential role in the natural cycle of the virus.

Material and Methods

In the experiment, five young foxes, which were caught
at an age of 5-7 weeks, three badgers and two adult weasels
were employed. These animals were caught in Lower Austria.
Four polecats, ten weeks old, which were obtained from a
breeding station were also included in the study.

The carnivore were infected in the following manner
(see also Table 1):

Three foxes (numbers 1,2 and 3), one badger (number 1),
two weasels aend one polecat (number 1) were infected with
TBE virus by means of virophoric nymphs of Ixodes ricinus.
These nymphs had become infected in the larval etr, by
gorging on viromic Apodemus flavicollis infected with the
"Hypr" strain of T8E virus. Nymphs were used for infection
about eight months after molting.

Three polecats (numbers 2,3 and 4) and two badgers
numbers2 and 3) were infected by virophoric females of
Ixodes ricinus,which had been experimentally infected with
strain "Hypr" by the insertion of a thin glass-capillary
into the anal opening.

For infection, the ticks were placed inside feeding
capsules which were attached with collodium to the back of
the animals as described in last year's report (1).

In order to compare viremia after the natural infection
by ticks with viremia developing after the artificial in-
fection, two foxes (numbers 4 and 5) and one badger were in-
jected subcutaneously with high doses of virus. The strain
"1lezek" used for infection of fox number 5 had originally
been isolated in Czechoslovakia from a hedgehog.
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The animals wore bled doily for one woek. The blood
was tooted for ito content of virus in baby mice by the
Intracerobral route.

Sera were drawn prior to and oftur infection to 0o50oo
the antibody rosponse aoainst TOE viruo in the hemeoglu-
tination inhibition (HI), the tissuo culture noutraliza-
tion (NT) and, in iomo cases, in the comploamont fixation (CF)
teats.

Rosul' s

The results are summarized in Table 1. Virus was suc-
cessfully trensmitted to all throe foxes, four polecate end
to two weasels. The three badgers showed no vi' ý..a after
the setting up of ticks. The two foxes which woreo infoetod
subcutaneously also developed a high virumia.

• 2.5
SFoxes developed viromia ranging from 10 LO. L to

10 LO so lasting from two to four, days. It is of pa6ticular
interest that the animals number 1 and 2 developed clinical
symptoms of encephalitis and showed paralysis of the logs,
However, the foxes did not succumb the disease and rosti-
tutod completely.

The polecats showed 6 viromia similar to that of the
foxes.

Weasel number I showed a short but high viromia; from
tho second woase! virus war. isoletud only ..'rom. th, blood
sample taken on the first day p.i.

The three badgers did not develop viromia after sot-
ting up of ticks, which obviously did not suck on those
mammals. We think, that the sk.,n of badgers is too thick
to be perforatod'by the hypostoma of ticks of the species
Ixodos ricinus. After subcutaneous infection of badger
number 1, virus was detectable ln blood on the second day
p.i. in a very low concentration only,

No antibodies wor' domonstrablu in the serum of eny
animal bled on the first or second day p.i. With exception
of the three badgers, all animals had acquired neutralizing
antibodies after disappearance of viromin. In gcriural, n•u-
tralizing appeared earlier than hcrnagqlutination.dinhibiting
antibodies which, as it will be soon in Table 1, wore not
observed in all coses.

jai
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The cr tout woo only performed with the soer of polo-
coto. All eara wore pooitivo 2:3 or 30 dnys, ronpoctivoly,
aftor infoction.

DlscuagIon

In a previous study, described in last year's report (1),
foxee failed to develop viremia after artificial infection
with I000 LD of TOE virus. Those reoults wero somewhat
puzzling boocusa the animals also lacked a response of hole-
agglutination-inhibiting antibodies although this typo of
antibody is frequently found in sore of foxes living in
foci of TOE virus, Wo wondered, therefore, whether the absence
of viromia under laboratory conditions did not have something
to do with the methods employed. In particular, we thought
that if the experiments were repeated, utilyzing the toch-
niquo of a biologiool transmission of the virus by ticks,
*oth viremia and hemegglutination-inhibiting antibodies
Might be produced. This assumption was proved to be valid
in th.- Trosent experiments. In the light of our findings we
feel '-•,qt to evaluate the possible vole of an animal in the
cycle of an arbovirus, experiments ought to be carried out
with the natural vector as done by us.

It ie striling that the foxes also developed viremia
after the artificial infection with 1.000,000 LD Q of
TOE virus (as compared with 1,000 L 5o0 used in lAt yenr's
experiments" This nmay indicutu thaL toe uinduvru',iatato'c t1h•
amount of virus transmitted by tick bite.

According to our experimonts with Apodemus flavicol-
l.. (2) on the threshold of viremia necessary for passing on
the virus to sucking ticks, foxes, polecats and woasols
ca n act as vertebrate hosts of TBE virus in nature. Carni-
vorn are probably not necessary to maintain the virus cycle
in a small focus but they may constitute amplifying hosts
and, due to their large homo range, carry the virus over
long distances thus starting now foci.

The fact that a hernagglutination-inhibiting antibody
response was not demonstrable in all animals is in good
accordanoe with tho reoults of the survoy with no.a of game.
Also in this study (see pago 3) more so•r wore positive in
the NT than in the HI test.
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Three young foxoo (Vulpus vulpas), four young polecats
(Putoriuro , • toriuS), two woe,3018 (Mustaln nivali) and three
bodgers (M-olus maobs) weore infucted with TOE, viru'u by
hoving virus-infectod nymphs and females of Ixode8U riCin.Is
suck on them. Viromin in t'oxes and polecat+ eostod •p to
four duya reaching miximal titers from 10. to 10 LD
WoioOls developed virainia of a shorter duration, and n
viramio was observed in badgers after the biological trans-
mission of TOE virus.

The young foxes which were infected subcutenoously
with large doses of two diffeornt strains of TOE virus
("Hypr" and "1jezek") were equally viramic as foxes in-
focted by ticks.

Thrso of tho infected foxes developed encephalitis
within approximately two woeks p.i. but rocovorod. As a
rule, neutralizing antibodies were found in sore after
viromia had disappoeoed but homagglutination-inhibiting
antibodies were not constantly observed.

We concluded that carnivore can act as hosts of
TOE virus in nature,
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aiagnostic Studies on Patients

Diagnostic studies were done as repeatedly described
in previous reports.

From January through December 1966, a total of 78 cases
of TBE and 21 cases of possible TOE were diagnosed in our
laboratory. The patients were hospitalized in the following
Austrian provinces: Vienna 22 (7) , Burgenland 3 (1),
Lower Austria 30 (11) and Upper Austria 23 (2). The high
incidence of TBE in Upper Austria is striking and could
indicate the advance of the virus to the West of Europe
(see also page 3).

( ) probably TBE
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STUDIES ON MOS UITO-BORNE VIRUSES IN AUSTRIA

(W) Introduction

Since 1963, extensive fj.'.-.tdies on mosquitoes and
their role as vectors of arbotu£os ue'ae carried out in
several parts of Eastern Austxia, 'r..hc investigations led
to isolations of Tahyna virus Jn tht On]Ube valley (1,2)
and in the steppe biotops east to the Neusiodlersee (2,3)
and of Ca]ovo virus (3,4) in th b Nousiedlersee-area.

Due tc the fact that in the Eastern part of the Neu-
siedlersee-,area - the so-called Seewinkol - at the Hun-
garian border brch viruses werc detected in extremely
high infection rates, our studies were concentrated to
this area with the aim to establish the cycle of these
viruses throughout the year. For this purpose, the fol-
lowing investigations were carried out;

1. Mass collections of mosquitoes and virus isola-
tion experiments therefrom, in order to find the species
able to transmit the viruses and to determine the months
of virus activity.

2. Serological investigations on wild-living and
domestic vertebrates in order to get some information on
the spectrum of vertebrate hosts, particularly also en
those which might act as reservoir of the viruses during
winter. These studies were supplemented by studies on the
course of experimental infection of several vertebrate
species.

3. Exposure of sentinel rabbits in order to get
further information on the seasonal occurrence of the
viruse- .

4. Experimental studies on the hibernation of Tahyna
and Calovo viruses.



(2) Mass- collections of mosquitoes and virus isolation
experimentstherOfrom

In 1967 from April 13 to November 13, 17 excursions
were carried out to the steppe biotops in the Seewinkol
near the Hungarian border. Mosquitoes were regularly col-
lectod by two methods. On one hand, mosquitoes wore caught
in a cow barn, two rabbit cages and a pig barn during
day. On the other hand, entomological nets wore swept
through the air from evening twilight until one hour after
sunset. The mosquitoes were sucked into aspirators, imme-
diately frozen in dry ice and then kept at -00 C until
processing for virus isolation experiments. For this pur-
pose, mosquitoes were identified under the stereomicro-
scope. Then they were ground in mortars and suspended. in
2.5 mil of TCM 199 containing U.752t bovine albumine and
and antibiotics buffered to 7.2 pH. Pool size varied from
I to 50 individuals. The suspensions were centrifuged
at 4000 rpm for 30 minutes, and the supernatants wore
inoculated intracerebrall)' into baby mice, which mice were
observed for fourteen days for signs of illness. Identifi-
cation of virus strains was done by moans of tho immune-
fluorescont method (5).

The results of collections of mosquitoes and of virus
isolation experiments are shown in Tables 1 and 2. it will
be seen that altogether 100,207 mosquitoes comprising
19 spocies were caught in 1967 from which 107,032 indi-
viduals wore tested for virus in 2438 pools.

A total of 25 strains of -hyna virus wac isulntod,
namely 15 from mixed pools of ýas caspius and Aodos
orsaliý,ono from Mansonia richiardii, three from nohe-

los maculiponnis and six from uniduntifiod mosquitoes.
Mosquitoes infected with Tahyna virus wore found during
the period from June 17 to July 26.

In addition, 53 strains of Calovo virus wore isolated,
all deriving from Anopheles maculipannis. This virus was
found during the period from August 4 to September 29.

Moreover, four agents, presumably viruses, woro iso-
lated from Aodos voxans (Juno 17), Anopheles maculipennis
(July 14), Mansonia richiardii (July 14 and July 24), which
could not be identified as Tahyna virus nor Calovo virus
by means of the immunoflueroscent method. Studios on these
ogonts are in progross.
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In 1960, 11 exuursions were carriod out in the same
localities as in 1967 during ttie period from A*Apri• 1.' t"6
October 29. A total of about 50,000 mooquito6 666 ws'ol-
looted. So far, only a small part has beon tpstod for
virus. We suoceodod in isolating four strains of Tahyna
virus from mixed pools of Aodes oaesius and Aodes dorsalis
colloctud on June 25, and one strain of Tahyna virus from
Anopheles _maculiponnis collocted on July 10.
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Tablo 1 giveo an account of a oorological ourvoy dono
with oore of several vevtobrat, apocioo ocourring in tho
Soewinkel.

The sera wore tested in the.$tioouo-oulturo noutraliza-
tion tout employing the oatablishod coil line GMK-AH 1. Tho
cello were grown in tuboo uaing Eagle's minimal essential
medium (MEM) oupplemonted with 20 A'calf serum an growth
rIudium. Prior to inocula tor, thU nodiui wae r'obloUod 6nd
replaced by Eagle's modium uontaining 5 1. calf aurufl.

Tho oorum samplos wore diluted 1:5 in PUS and tooted
ogainot 30-300 TCPI, of Tahyna and Calovo virugoso The
virus-serum mixtur• wae incubatod over night at + 40C. For
each serum two tubee were used. Maintenance medium was
changed 2 4h after inoculation and then, if necessary, at
two days' intervale.

It must be stated that hedoehogo (Erinnonus ouroenou.
woro invoetigatod by mark and roloaso-trapping using water-
proof paints for marking. This study was done to investigato
the possibility of ovorwintering of Tahyna virus in these
hoterothormal animalo (coo aloo pogO 66) and lostod from
the beginning of 1967 until the end of 1960. buring thli
period, a total of 147 individuals woo marked; 116 hedgehogs
wore caught twice, 5 three timoo, I four timoe, 2 five times,
and I six timoe. Converuions or antibodioo against Tohyna
virus were found in two individuals only, one in the poriod
from May 5, 1967 and July 25, 1967, the other botwoon
July IS, 1967 and April 10, 1960.

It will bo noted in Tobla 3 that most of the so•ra
tested gainst Colovo virue worn devoid of untibodiuG. Poei-
tive sora were only found among samploo doriving from roe
000r (Cpolj cpolo snn horaso.

With Tahyna virue, the highest proportion of positive
core woo prooont among hares _Lep._•_ urnja•.uu• and pigs.



rnblo 3

soroloulcol ourvoy On vortabrato. oao.ouwdjQ *in tho
Soow in 1< l

(Jumbor of' So tor tontod So t'or )~ted
Speoiou ouck aginst Colovo againct Tahyne

collected vlruL3/Pobdivo viituv/pooitive

Crinacous
ouropanua 167 147/0 140/9

Sorox oranoue 13 7/0 13/0

Crocidura loucodon is 9/0 1510

Crocidura ovavoolauo 2 -2/0I

Ploootun iiuatrit- 1I
oue 1/0

nothusii 1 - 1/0

Lepuo ouropeous 269 260/0 269/76

Citolluo Citolluo 90 29/0 90/1

Cricotua crico~tus 40 60/0 40/0

Pitymyo Pubtorrnflouc 2 2/0 2/0

M1iorottua orvolia 79 57/0 79/0

A pod emu n
flauloollis is 11/f)5/

Apudumuu milorupe 212 21/0) 22/0

PIUO MUSCUIL1 1 1/0 1/0

Vulpos uulpoo 17/0 7/1

Sua acrofo 3 2/1 31

Sue ocr~ofa
dotnootico 17 17/0 17/11

Coproolue caprooluo 1f) 10/7 9/4

Equua Cabollue 2 2/2 2/3.

Lucorto egllia 65 - 65/0

Natrix natrix 7 7/0 7/0
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.4 ,.t-0190on- 11o poriodiolty ao' eoourrinco at' Tohyna and
Co l.o~vo v k t Up,,-_b.y_ m inQ n LtUAo•

From opring until autumn 1967 and',1960, oantinol rabbito
wero exposed in two oage oeasily noooosiblo for mooquitooo.
The oogoo wore plocod in u diotanoc of nbout 100 in from uoch
other in tho oteppo biotopo south of tho villogo Apotlon
In the Seawinkal-nrce. Blood woo token b; heart punoturo

ou•clly overy two wooko. A amail port of the blood woo
immediatoly frozen in dry ico and thun-.kopt at -00 C until
inoculation into boby micra for virus isolation exporimonts.
in case of viruo ioolotion, otraino wuru idontified by moana
of tho immunofluoroocont muthod. Thu root of the blood woo
used for oarologicol otudloo. The noru iuro touted ag~inet
Tahyna viru eand Colovo virus in the (1" ov doescribed olbo-
whoro (00o pago 59).

So for, nll blood eamples obtainud in 1967 were tooted
for virue. One strain of an agont woo isolated on May 20
from rabbit 593, whinh oould not be idontif'iod as Colovo
nor as Tahyna virue. Studios on this agent will be carried
out later. Only a small proportion of tho blood samples
obtoinod in 1960 woro tontod for virus. To dote, two etrAino
of Tahyno virus wore isolated from rabbits blod on Juno 10.

In 1967, convorsions of ontlbodioe woro observed
against Tehyno virus with seven rabbits between July I
(firot specimens positivo) and July 3.5 (loot opocimono
positive). Convoralono of ontibodioe agoinat Calovo virtus
weore found with four rabbit@ between July 15 and Ootobor 16.

In 1968, II rabbito developed antibodies againot
Tahvno virus With the li_'or convoer o:o.a in thy o -um.....us
takun on Junu 10 and tho loot on July 10. Tooto with Calovo
viruo hcve not yet been done.
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(5) Experimental. studios on hiberpaton of Tahyna and
Calqvo vir.usoe

5.1:..Tehynat vius in xeerimentally infected frogs,
lizadr ,and, snakes.,

In erder to investigate the question of whether Tahyna
__i 'virus can ovorwintor in poikilothormal vertebrates studies,

- on the course of experimental infection in those species
which are abundant in the Seowinkel area were carried out:
two frog-epecies (Rana eosulenth and Hyla arborea), one
lizzard (Lacerta agilis)and one snake (Natrix natrix).
Besides these species a few other amphibians and reptiles
occur in the Seewinkol which are, however, rare and can be
excluded for quantitative reasons.

21.l Rana esculenta.

-uo groups each comprising 12 adult frogs wore injected
subcutaneously with 50,000 LD or 50 LD5 0 , respectively,
of a baby mouse bgain suspendJon of Tahyna virus. The frogs
were kept at + 22 C, On the 3rd, 8th, 10th, 13th, 17th,
21st, 24th, 28th, 35th, 41st and 52nd day after infection
one frog of each group was killed and tested for virus.
Brain, heart, lungs, gall bladder, pancreatic gland, liver,
kidneys, reproductive organs, fat body and spleen were
ground, suspended in 1.5 ml of the medium described else-
where in this report (see page 49) and centrifuged. The
suoocnatant was inoculated intracerebrally into baby mice.
.No virus could be isolated, so that it appears that Rena
esculenta does not develop viremia after infection with
Tahyna virus.

5.1.2: Hyla erboree.

210 adult individuals of Hyle arborea were collected
from trens and divided into four groups. Two groups each
comprising 90 individuals were inoculated with 10,000 LD
(group A) and 10 LD (group B), respectively, of a baby
mouse brain suspensign of Tehyna virus; twP groups, each
comprising 15 individuals, were injected with 1,000 L 6o0
(group C) and 100 LD (group U), respectivoly. One day
after infection, 10 HPdividuals of group A and group B0
wore transfuered to + 4 C, the rest remained at a tempera-
ture of + 22 C. From this stock, three individuals of group A
and group B wore killed on the 2nd, 6th, 0th, 10th, 15th,
17th, 20th, 22nd, 30th, 35th, 48th and 56th day after infec-
tion and tested Por virus. Blood, heart, lungs and kidneys
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were processed into one pool end suspended in 0.5 ml of
the usual medium. After centrifugation, the suspension and
a ton-fold dilution wore inoculated intracerobraily into
baby mice. No virus was isolated.

72 days after infection all remaining individuals of
.all four groups kept at + 22 C wore bled. The sere were
tested in the NT against Tahyna virus (method see page 59).
No antibodies could be detected.

Those frogs kept at + 40 C were kitled 133 days after
infection end bled. No virus was isolated by intracerebral
inoculation of the blood into baby mice nor could antibodies
be detected against Tahyna virus.

From this it appears that Hyla arborea develops neither
viromia nor antibodies after infection with Tahyna virus.

5,1,3: Lacarto agilis.

Two experiments were carried out using two different
strains of Tahyna virus, a netiroadaptod strain and an extra-
neural strain.

Experiment 1:

Two groups of adult lizzards, each comprising 12 indi-
viduals, were injected subcutaneously with 50,000 LDn and
50 LODs, respectively, of a baby mouse brain suspens n of
Tahyna virus. On the 2nd, 3rd, 4th, 6th, 8th, 10th, 13th,
15th, 17th, 20th and 23rd day after infection, one indivi-
dual of each group was killed and bled. Tbe blood was inocu-
lated (undiluted and in a dilution of 10-1) intracorebrally
into baby mice. No virus was isolated.

In addition, five individuals were infected with
1.000,000 LD5 0 , five individuals with 100,000 LD and four
individuals with 1,O00 LD o of the nouroadapted 9rain.
All these lizzards wore b ad 78 days after infection. The
sera were tested in the NT against Tahyna virus. No anti-
bodies could be detected.

Experiment 2:

Two groups of lizzards each consisting of eight indivi-
duals were infected with 25,000 LD and 2,500 LDr-,
respectively, of an oxtranoural st~in of Tahyna virus
obtained -from viromic hamsters.- The lizzards were kept at
22 0 C. On tho 3rd, 4th, 7-th,.llth, 21st and 42nd day after

Sinfection, one individual of each group was killed, and the

-. 4



blood was inoiulatod intracerobrally into baby mice (undi-
lutcd and 10 ), No virus was isolated. In addition, three
individuals infected with 25,000 LD wore transferred
to + 40 C four days after infection. 4hey were bled 42 days
after infection. Also in this ease no virus was isolated.
Thus, also lizzards failed to develop viromia and ant.!.-
bodies after infection with Tahyna virus.

5,1.4:.Natrix natrix

Two groups of snakes, 10 adult individuals each, wore
ireocted with 25,000 LD50 and 2,500 LD , respectively,
of an extronroural strain of Tahyna virus obtained from
viromic 0 hamsters. The snakes wore kept for four days

at + 22 C, Then three individuals infected with 25,000 LD 5 0
(group A) and three individuals infected with 2,500 LDso
(group 8) remained at room temperature, the rest (group C
and D) was transferred to + 4aC.

On the 3rd, 4th, 7th, l1th, 14th, 21st, 38th, 81st
and 119th day after infection blood was taken by clipping
the tail from one snake of group A and group B and inocu-
lated undiluted and in a dilution of 10- into baby mice.
No virus was isolated.

The blood of one snake of group C and group 0 was
tested ib the 38th and 119th day after infection. Also
in these cases no virus was isolated.

All snakes of groups C and D wore removed on the
119th day after infection and transferred to room tom-
porature. Blood was taken on the 2nd, 3rd and 7th day
after this removal (i.e.on the 121st, 122nd and 126 th
day after infection) from one snake of both groups and
inoculated into baby mice. No virus was isolated. On the
15th day after infection the blood of throe snakes of
each group was tested in the NT. 'No antibodies against
Tahyna virus were detected.

From these results it can be concluded that the snake-
species Natrix natrix does not show any signs of virus
replication such as uiremia or the production of neutra-
lizing antibodies after inoculation with Tehyno virus.

5,2. Calovo virus in artificially infectod
Anopheles maculipennis.

As it has boon demonstrated by many virus isolations
Anopholos maculipannis is the main vector of Calovo virus
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maintaining the virus cycle during the summer months. How-
ever, it is unknown whether the virus can also hibernate in
this mosquito species which ovorwinters in the imaginal stage.
This question was investigated in an experimental study.

In the period from October 6 to December 12, 1968, we
collected about 6,OC0 ovorwintering females of Ano.uhDlb.
maculie•nnis messoae -4. hay barns. From these, 3,140 indi-
viduals were infected introthoracally with Calcvo virus
(i0 suspension of baby rmouse brain in PBS .containing
10 ýj calf serum).

After in 8 culation, most of the mosquitoes were incu-
bated at + 22 C and 90 Y r.h. for five days and then kept
at + 40 C and 90 % r.h. Only a small part was kept in. the
attic under conditions similar to those in nature with
varying temperature and humidity. Six hours, 24 hours,
4,5,25,32,40,42,46,53,60,67,119,126,133,147 and 155 days
after infection three mosquitoes were removed, suspended
in 1.5 ml of TCM 199 containing 0.75 % bovine albumin.
and antibiotics, bufferod-to 7.2 pH, and titratod in baby
mire by intracorebral infection. After 5 months, the supply
oi surviving mosquitoes was completely exhausted.

The results of these virus isolation experiments are
shown in Table 4.

From these results it appears that replication of the
virus starts between the 1st and 4th day after inoculation.
After two months the virus titer decreases slowly. Yet even
after 5 months, when the lest surviving mosquitoes were
tested, virus was sti1l deotctable.

Out of the small numbers of infected mosquitoes kept
under more or less natural conditions in the attic three
individuals wore tasted for virus on the 32nd and 115th day
after inoculation. Both pools wore positive.
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(6hn vicsirus

Wuring the lest three yoars, Tahyna virue regularly
occurred in the steppe biotops in the Eastern part of the
Noueiedlerseo-areo. There, the main vectors are Aedes
R "eu. and Agdoa dorsalis in which very high infection
ratos L:e observed; besides by these opecios the virus
is also transmitted by Aedes flavescons and Mansonia
richiardii. Three strains wore isolated from Anopholes
moculiponnis, but these strains probably derived from in-
dividuals newly ongorged on viromic cattle. As could be
demonstrated by Danielova (6), the virus does not multiply
in Anopheles maculigunnis. In the lowlands along the
rivers the virus is mainly transmitted by Aedoa voxans
and Aedes cantans (2,7,8).

From all these mosquito species virus was isolated
in June, July and August only. Those findings are in good
agreement with the results obtained with sentinel rabbits.

From the results of our serological studies it can be
concluded that hares and roe doe- are the main vertebrate
hosts, while pigs might maintain the cycle in the villages.
In addition, antibodies wore found in hedgehogs, ground
squirrels, foxes, wild boars and horses.

Thus, the main arthropod and vertebrate hosts which
maintain the virus cycle during summer are known.

The mode of hibernation is, however, still unknown.
o , *..ith hedgohogs carried out

on the basis of mark and release-trapping it appears that
this hetero-thermal vortebrate species does not maintain
the virus cycle during winter, though a prolonged viromia
could be demonstrated in the cold under experimental con-
ditions (9). Serological surveys carried out with hamsters,
ground squirrels, lizzards and snakes have also yielded
nogative results. Frogs (Rana usculenta, Hyla arboroa),
lizzards (Lacerta aailis) end snakes (Natrix natrix) do
not develop viremia nor antibodies after inoculation ef
virus, so that it can be concluded that they do not act
as hosts of the virus. Thus, a hibernation in those species
can also be excluded.

Danielova et al. (10) have recently studied the pos-
sibility of hibernation of Tahyna virus in ovorwintoring
females of Culiseta annulata. Under experimental conditions,
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the virus could be isolated up to 12 weeks after infection,
Culiseta annulats is, however, a rather rare species, so
that it seems unlikely that the low population densities
are sufficient for the maintenance of the virus cycle,
if even the virus can overwinter in this mosquito under
natural conditions.

It is eriking that the seasonal appearance of Tahyna
virus coincides with the development of Aedes 3pecies, mainly
of Aedesgcaspius and Aedes dorsalig. One wonders, therefore,
whether transovarial infection of the mosquito vectors is
possible. So far, transovarial infection in mosquitoes has
not yet been established with any virus of the arbo group
(Chamberlain 11). Future investigations should, however,
deal with this problem in detail. !t might be possible
that the virus is transmitted in an uninfectious form to
the eggs and to the following instars, becoming infective
in the imaginal stage through the influence of mutagehic
noxes. As the rearing of the vectors of the Tahyna virus
meets many technical difficulties, these studies should
first be conducted with a model, for example Aedo-, aeptip

using Tahyna virus and a virus which is transmitted by
Aodos aegvPti in nature such as Dengue.

Calovo virus

It became evident through our studies that in the
steppe biotops east of the Nousiedlersee at the Hungarian
border the Calovo virus occurs - at least in some years -
in unusually high infection rates. The main vector of this
virus is undoubtedly Anoeholos. maculipennis; besides this
species, only P~rich•-- i was occasionally found to be
infected. All virus isolations were made from mosquitoes
collected during August and September only. This roughly
corresponds with the results obtained with the sentinel
rabbit technique. In a two years's study conversions of
antibodies against Calovo virus wore invariably observed
during the period from the middle of July until the middle
of October.

In a serological survey, roe deer, horses and wild
boars were found to have antibodies against the virus. It
is not yet quite clear which vertebrate species maintains
the cycle. Besides, roe deer which are fairly abundant in
the area under investigation also cattle which is heavily
attacked by Anopheles maculi~annis has to be considered as
host of this virus, This is indicated by the fact that most
of the strains were isolated from mosquitoes collected in
a cow barn. A serological survey will clarify this point.



All sera of hetorothermal and poikilothiupmal verto-
brutes (hedgehogs, hamsters, ground squi-s'lzbrs
and snakes) tested for antibodies ogainst Calovo virus wore
found to be negative. A study an the course of experimental
infection of sliakos with Calovo virus is still in work.
From the results so far obtained it may, however, be con-
cluded that hoterothermal and poikilothormal vertobrates
do not take port in the virts circulation and, partioularly,
*do not act as hosts during-.wimnt.....

In order to investigate whethor the virus-cnn hiber-
noto in overwintaring females of Anopholes maculipennis
messo-o, the course of experimental infection with Calovo
virus by intrathoracal infection of this species was
studied. From the results it appears that virus ruplica-
tion starts betwoen the first and fourth day after infec-
tion. In the course of five months a slow decrease of
virus titer in the mosquitoes was observed which may be
traced back to the reduced physiological status during
hibernation. It is, however, conceivable that the virus
titor would increase after a blood meal. Denielovo et
al. (10) who infected ovorwintoring females of Culiseto
annulata with Tahyna virus lseo observed a deobi7so of
the virus titer during hibernation,but found higher titers
in mosquitoes which had boen exposed to highor tempera-
ture after interrupting the hibernation before the virus
isolation experiment. The fact that the Calovo virus could
be demonstrated in ovorwintoring females of Anophelos
maculiponnis even five months after infection leads to the
assumption that the.y ru gb•L•osibly hibernate in
Anophelos macUlipennis. It is, howev~er, .striking that
signs of vikuo activity in nature could never be detocted
before the middle of August. On the other hand this discre-
pancy might be explained by the low numbers of infected
mosquitoes surviving until spring. The infection rates
might be very low in spring and slowly increase until
reaching a detectable level in summer.

In future studies it should be explored if virus
replication In hibernating females of Anophes moculiponnis
can be stimulated by means of a blood meal. In addition,
the possibility of a transovarial infection should bo
studied in detail. For this purpose, females of Anopheles
maoulipennis collected in thu field should bu infucted,
and the Fl-generation should..beoxpoexod to mutooonic noxes
thus possibly inducing a tranformation of the "ecliptic
phase" of the virus into an infectious form.
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(7)- summary

Field investigations and oxporimental studios on the
ecology of Tahyna and Colovo viruses wore carried out.
Both viruses occur in high infection rates among certain
species of mosquitoes in the eastern part of the Neusied-
lorsee-oros near the Hungarian border. The main vectors
of Tohyna virus aro &ed ius and Aedos doroalis, the
Calovo virus is mainly transmitted by Anokolesj-maouli-

enn. Virus isolations from mosquitoes and virological
and serological studios done with sentinel rabbits hove
shown that Tohyna virus is detoctablo from the middle of
June until the end of August, and Calovo virus from the
middle of July until the middle of October.-

The main vertebrate hosts of Tahyna virus are hares,
roe deer and pigs. Antibodies against Calovo virus were
found in roe deer and horses only.

The hibernation of both viruses is still unknown. It
was established that noether hoterothermal (hedgehogs,
ground squirrels, hamsters) nor poikilothermal vertebrates
(frogs, lJzzards, snakes) can maintain the virus cycles
during winter. Due to the fact that the Calovo virus re-
plicates in hibernating females of Anopholes maoculiponnio
after intrathoracal infection and was detectable even
after 5 montho, evidence suggests that this virus might
perhaps overwinter in this mosquito.
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Tablo 4

Virus isolation experiments from overwintaring aLopole
maoul1ponnls meesopo infeoted with Celovo virus

HQ•11660-. Number of mico infeoted/Numbor of' mice diad
day'd-6ftlb~ , -. '-2 -3 4y"ft-on 3 mosqui- 10 10 10 10 -
infootion toes in

1,5 ml of
medium

6 hours 0/0 5/2 7/3 6/0 5/A

24 hours 7/7 8/6 5/0 0/0 5/0

4 days 7/7 7/7 8/8 6/4 8/1

S days O/E 5/5 5/5 6/1 6/1

25 days 9/9 9/9 6/4 6/1 10/0

32 days 6/6 5/5 7/5 5/0 7/0
40 .days 5/5 5/5 6/3 8/2 0/0

42 days 7/7 5/5 6/6 5/3 6/5

46 deys 7/7 8/7 0/5 6/1 -

53 days 9/9 6/6 10/8 0/0 7/0

60 days 8/8 1lu/ 7/0 7/0 6/0

,? da-ys 9/9 !/ 8/1 8/0 7/0

119 days 0/7 0/0 8/0 8/0 8/0

126 days 9/7 9/3 7/0 ?/0 6/0

133 days 8/8 10/6 (i/I 8/0

147 days 10/2 9/1 0/0 8/0

155 days 9/5 0/2 5/0 7/0
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I.N.V.STIGATIUNS ON. THE AGENT OF IffMURRdA IC F.V~B IN

j5,8jV IAg. ANQ I$ n USS IDLE ý.AS, I ICATION- AS1

(1) .ntr.oduction

In lest year's report (1) we summArized the results
of a study on the se-called "Marburg virus". This hitherto
unl<euwn agornt oauged on outbroak of hemorrhagic favor
among laboratory workers in Marburg and Frankfurt (Germany)
in August end September 1967, We r•oporteod that the agent
shows some oha'.actoritico of an •rboviruo. It r•pliooteo
in the brain, of baby mice, is sensitive to de~oxycholate
and ito morphology reeomblee those of' the rod-shaped or-
boviruoee which are now placed in the rhobdovirus group,
Other workers found that the agent is inactivated by
other (2) end oontains RNA (3) thue exhibiting features
which are Alas oompatible with the arbovirus group.

In 1968, our research unit carried out intensive
studios with this faocirnat~n9 now virus. In partioular,
we attempted to get some more information on the question
whether or not it is justified to classify the ap'3nt as an
arbovirus, The tearm "arbovirus" is pr•oontly used as an
eoologio criterium. In this sense also the mooquito-borno
rhabdoviruses such as Vevicular Stomatitis, Hart Peork and
Cocal viLuses are members of the arbovirus group.

(2) Attempto at, tho. pranaqtapn in mpýU~ro ods

In a first s•ries of exparimeots w, irwontigatod the
ubility of the virus to multipiy in ,n.rt4I inily infocted
arthropodo,

(2.1) Ticks-of-ieocio Ixodoe ri,.inus

Female ticks wore infoctnd by theo a'al route with
a thin glass capillary filled with viremic guinea pig
serum containing 10?L• /ml. Infected ticks wore kept in
a moiat atmoephoere t RPom temperature for 10 days at
which time the survivors were ground and suspended in PBS.
This suspensJon was injected into ticks for a second pas-
sage and into guinea pigs to test for Virus. Ticks of the
,econd poseage woeu also tested for virus after 15 days
in guinea pigs. No virus could be icolated from guinae
pigs infectod with a suoponsion of tho initialiy infected
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ticks or those of the second passage. Therefore, we con-
cluded that the "Marburg virus" doos not replicate in
Nxodes ricinu' .

(2.2) 'Mosquitoes of theSpecies A-odes aeypyti

For investigating the ability of the "Marburg virus"
to replicate in mosquitoes, we first employed Aodes
-aoqyt.. mosquitoes which is the mest commonly used species
for this purpose.

The mosquitoes were injected intrathoracally with
the serum of a viremic guinea pig by a very thin glass
capillary. The infected Aedes were kept in an incubator
at 26 C and fed with honey water. A high humidity was
maintained at all times, On the 11th day surviving mos-
quitoes were ground and suspended in PBS. The suspension

4 was injected into guinea pigs and also into new Aedus
for a second virus passage. Mosquitoes of the second
passage were sacrificed 21 days after infection and
tested for virus in guinea pigs,

From both passages, virus could be roisolated in
guinea pigs. Specifity of the reisolated agent was con-
firmed by moans of fluorescein-labolled antibodies.

Thus, we concluded that "Marburg virus" replicates
in Aades aogypti,which is a member of the subgroup Culi-
"cinae from the Culicidau group of arthropods.

(2.3) Mosquitoes of the Species Anophelos maculi-
p. n i s

For investigating whether "IIM~burg virus" also pro-
pagates in mosquitoes from the odib5•AnopIinae,
Anopheles maculipennis mosquitoes were also injected
intrathoracally with the virus-containing serum. Infec-
ted mosquitoes were kept at 22 C and high humidity. On
the 2nd, 4th, 8th and 14th day, respectively, 10-20 indi-
viduals were ground, susponded'in P05and "te&s'td for virus
by injecting the suspension into guinea pigs. Virus was
reisolated after 2 and 4 days; only a low concentration
of virus was demonstrable after 8 days but none after
14 days. From this it is apparent that "Marburg virus"
persisted for d few days in Anopholes maculipennis but
did not replicate in this mosquito species.

Duo to its successful propagation in Aedos aegypti.
the "Marburg virus" corresponds to the ecologic defini-
tion of an "Arbovirus", The fact that the virus failed to
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replicate in Anooheles maculioennis suggests that it- is
possibly transmitted in nature by mosquitoes (Culicidae)
of the subfamily Culicinae.

Summary

It was attempted to propagate the"Mr•burg vLrua"in
three different species of arthropods: Ixodeo ici~nue
ticks and mosquitoes of the species Aedes aeoqpti and
Anopheles maculipennis. No virus replication was observed
in Ixodes ricinus and in Anoeholos maculigennls.Howevar,
the virus multiplied in Aedes aeQypti. Therefore, the
"Marburg virus" corresponds to the ecologic definition
"Arbovirus" and is possibly transmitted in nature by mos-
quitoes of the subfamily Culicinae of which Aedes aecypti
is a member.

(3) Formation of interferon in the-brain of-baby mice

after infection with "Marburci virus" and somo
Rhabdoviruses %,

The mosquito-borne rhabdoviruses: JSV, Ccal and
Hart Park were tested for their ability to produce inter-
feron in baby mouse brain. Due to the similarity of the
"Marburg virus" to these viruses (see page 26) this agent
was incorporated in the study.

Baby mice were infected with high doses of these
viruses. When the animals infected with Cocal, Hart Park
and VSV, were in a moribund state, the brains wore
removed. Aftew Marburg virus-infection the white baby
m iouse shows no sigle of illness ().i Therefore braine of
mice infected with this virus were harvested after dif-
forent days and at different levels of passage (see Table 1).
The brains were suspended in distilled water and dialysed
against citrate buffer pH 2, phosphate buffer pH 7.5 and
distilled water. Eagle's medium of 5-fold conccntration
wes added 1:4. Two-fold dilutions of these proeparations
wore tested to prevent infection of 100-300 TCID50 of
EPIC virus in L colls with the method described by Uilcok
and Stancek (4). As can be uuen in Tablu 1 no production
of interferon was observed after infection with "Marburg
virus". However, suspensions of brains infected with VSV,
Cocal and Hart Park inhibited the challenge virus infec-
tion in a dilution of 1:40, 1:80 and 1:640, respectively.
Thus giving rise to the production of high levels of inter-
feron in baby mouse brain is no common feature of the
rhabdovirus group.

S.
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Summary

Low titers of interferon were found in brains of
baby mice infected with VSV (1:40) and Cocal virus (1:80).
A high titer of interferon (1:640) was found in baby mouso
brain after infection with Hart Park virus. However, in
brains of baby mice infected with the "Marburg virus" no
interferon was detectable.

(4)_InAfluence-of Poly. :C on the experimental-infection
in hamsters
In this study the influence of the interferon-stimu-

lating drug Poly I:C (Miles Chem. Corp.) on the experimen-
tal infection with the "Marburg virus" was investigated.
This drug which is a compound of polyriboinosinic acid
and Polyribocytidylic scid is capable of protecting mice
against fatal infection with TeE virus (see page 28).

Twenty-seven yqoug hamsters.weighing 1215 g were
treated with 100 ptg Poly I:C, 18 and 3 hoursabefore intra-
cerebrgl (0,02 ml) infection. For infection, a dilution
of 10 of infected baby hamster liver was used. Prior to
infection the "Marburg virus" had undergone three passages
in baby hamsters. For control purposes 27 animals were
infected but not treated. Four untreate hamsters were
inoculated with a virus dilution of 10 for titrating
the virus dose.

From the hamsters treated with Poly I:C 14 died and
from the control group 13 succumbed the infection The
average survival time, 7.79 and 8.85 days respectively,
did not show any marked differences. From this, it was
obvious that Poly I:C gave no protection against the
"Marburg virus" infection.

Summary

The interferon-inducing drug Poly I:C had no in-
fluence on the experimental infection of hamsters with
the "Marburg virus".

(5) Propaaation in various tissue cultures

In a previous study, we assessed the susceptibility
of various primary cell cultures and permanent cell lines
for the propagation of "Marburg virus" (5). Although the
virus multiplied in a variety of cell tissue cultures,
no CPE was observed. Therefore, we contineud our studies
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I
with the aim to find tissue culture coils which would
give a clear-cut CPE.

Stock culturee of L (mouse embryo) and U (human
amnion) cells were grown in French square bottles in a
medium consisting of 90 % Eagle's minimum essential
medium (MEM) made up with Hank's balanced salt solution
and 10 ý calf serum. For viral inoculation cells were
grown in tubes and, after the cell sheet woo comploto,..
the medium was replaced by a mai.ntenance medium contai-
ning 95 X. Eagle's medium and 5 ',o calf serum.

After inoculation fluids were changed on the first
and on the third day. On the fifth day the supernatant
was inoculated into guinea pigs for assessment of virus
replication.

The results, given in Table 2, show that the virus
did not multiply in L cells. Oy contrast, a virus repli-
cation in U cells could be demonstrated in which three
virus passages were done. However, the virus did not
produce a CPE.

Recently we came across the stable ELF (Human embryo-
nic lung fibroblasts) cell line which we also tasted. The
cells were grown in Eagle's medium as described above
using 10 % fetal bovine serum instead of calf serum; then,
for inoculation purposes, the cultures were maintained
with Eagle's medium supplemented with 10 / calf serum.
After infection the tissue culture fluid was changed daily.

As indicated in Table 2 in these cells "Marburg
virus" produces a marked CPE, w1hch appeara about the
third day and reaches its maximum about the fifth day
after infection. CPE begins in focal areas and consists
of spindling and later on of clumping of cells. Finally
the foci become confluent (see Fig.l and 2). It must be
mentioned, that although destructions are extensive, they
are never complete and eventually healthy cells may grow
in and repair the lesions in the cell sheet. It can
further be seen in Table 2 that the supeortotant of a 4-day
infected culture had a titer gf about 10 TCIO when
tested in the cells and of 10 LUSO when assayod in
guinea pigs. Thus this cell culture was less sensitive to
the virus than guinea pigs. However, the virus gives a
clear-cut CPE and ondpoints are readily determinable, so
that this cell line can be useful for further studios on
the virus.

||
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Summtary_

L. cells did not allow any growth of '1Marburg ..virue".
U calls propagated the virus, but no CPC was seen. How-
over, in ELF colls the virus replicated and a clear-cut
CPE was observed which will be useful foi' further studies
on the virus.

(6)-•. Qiplment-fGxýina antibodies in the sera of patients

withK "abur, virus" dipase

During the outbreak of hemorrhagic fever we received
oakum samples from patibnts who were hospitalized with
the disease either in Marburg or in Frankfurt. This gave
us the opportunity to test the sora in the complement-
fixation (CF) test.

A crude complement-fixing antigen of "Marburg virus"
was prepared in the following manner: Infected livers of
guinea pigs were homogenized and suspended 1:10 in veronal
buffer pH 7.3. After centrifugation, the supornatant fluid
was used as the antigen. Attempts to make handling of the
antigen less dangerous by adding 0.3 ý propriolaktono
failed because the preparation became inactive.

CF tests were done with a drop-typo technique pre-
viously duscribed (6). Dilutions of the sera from 1:4
to 1:120 were tested against dilutions of antigen from
1:8 to 1:64. The results, which are summarized in Table 3,
show that antibodies woroe dotoctable in sora or nine
patients who had overt disease. Complement-fixing activi-
ties in sera appeared in the second week of illness and
reachod a maximal titer of 1:62 - 1:64 in the third or
fourth week. This maximal titer seems to porsist for only
a few weeks, because in two s8ra drawn in the roconva-
lascencw ( 6 0th-70th day of illnuss) titurs alruady-droppud
to 1/2 or 1/8 respectively of the initial level.

It will be noted that the sera of three patients were
negative in the CF test. Those persons wore at first
thought to have "Marburg virus" disease but later were
found to hove had different illnesses. The rusults pro-
vide conclusive evidence that the CF test can be used for
diagnosis of "Marburg virus"diisoaso.

Summary

Sera of patients with "Marburg virus" disease wore
investigated in complement-fixation test using a crude
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CF-antigen. Antibodies wore detectable in sore of nine
pationte, while three other potionts, who later wore
found to have had illnesses other then Marburg homorrhegic
fever, had no antibodies. Complement-fixing octivities
in the oora of patients appeared in the second week of
illness and reached a maximum in the third or fourth
wuok.

Table I

Content of interferon in baby mouse brain aftur infection
with "Marburg virus" and some rhabdoviruses

Virus Mouse passage Days p.i. Titor of Inter-
feron

VSV 2 (Vienna) 2 1 : 40

Cocal 4 (Vienna) 2 1 ; 80

Hart. Park ... 3 (Vienna) 5 . 1 :.6.40

Marburg
virus 1 5 J. : 40

1 8 (1l40

1 16 U : 40
5 5 <1: 40

18 5 kl: 40
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Table 2

Propogation of "Marburg viruo" in throu permanent coil
lines

Cello Growth Mointo- Number Appoe- Titor
medium nonce of pas- ranco yielded in

medium sages of CPE tissue cul-
turo-fluid

L MEM MEN. 1 0 0
(Mouse
embryo 1 C 5 Cs
cells)

U MCM E1M. .3 0 ..

(Hum'an '
amnion) 10% CS 5• CS

ELF MEM MEM 4 3rd-Sth 104 .0.

(Human day p.i. 106  p
ombryo-"
nic I0,10 FBS 5% CS
fibre-

-blasts) ..............

MEM = Minimum essontial modium (Eagle)

CS = Calf serum

FOS a Fatal bovine serum

g.p. = Assayed in guinea pigs

.,t... .. Oin.tissue. ul.tura&

n.d. Not done



T ab.u_ 3

Reaulte of oomplomont-fixation ttte with sere from patients
with "Marburg virus" diseasee

Patient Serum Day of iilnoeo Titer 9runm / Titer antigen

KL 1 4 1:8 / 16
2 9 1 s16 / 64
3 14 1:64 "164
4 20 1 :32 // 64
5 21 1 :32 >/ 64
6 20 1 ;64 -/ 64

HI 1 9
2 12 1 : 4/16
3 17 1 : 16/16

_ _ _ 4 20 . . .. :3_2/_6_4 . . . ..

FLA 1 20 1 :64/32
2 23 1 s64/32
3 31 1 :64:32

HA 1 14 1 : 4/32

2 23 1 :64/ 64
3 60 - 70 1 :32/" 64

MA 1 9 1 : 4/8
2 17 1 :32/64
3 60- 70 1 : 4/16

GI 1 6 1 : 4/6
2 14 1 :32 64

KR 1 23 1 :64/ >64

MU 1 21 1 :32/32

Ul. 1 20 1 :64/> 64

FL 1 10$

rt 1 19

LI 1 210

1i
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ELF coils inoculated withi "Marbutg virus"l 5 days oftur intoction
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SU ULGICaL INVU. IGATION5S O&Dommm ARIMALS MICEc

In 1965, an oxpodition to Anatolia, Turkey, upon-.
sored by the Muaerum of Natural Hietory in Vienna, wee
carried out, in order to oolloot onim~le of different
groupe. Dr.A.Rudda took part in this travel and he woo
able to colloot blood camplaa from 214 domestic and froe-
living animals; those sore were tested for homagglutine-
tion-inhibiting antibodioc againot ouvotal arbovirueeo, 4

Moto.rial and Mothods

The sore wore taootod with acetone and tooted in a
dilution of I i 10 againet 0 units of antigen. Positive
acre were further diluted in two-fold dilutions.

The following sucroso-eoetone treated antigens were
ueods Sindbis, Semliki, Tick-borno Encephalitis (TBE),
West-Nile (WN), Murray Valley Enoephalit4 .o (MVE) end
Dongue II (D II). In addition, positive sera were partially
teoted orn monolayer L colls in the neutralization test (NT)
with methods describeod eleowhere in thie report (eee page 2).

The results of the serological survey can be seen in
Table i. Forty-nine sere from cattle deriving from dliv-
forent Vilayots (Turkish diotriots or counties) of central
and eaetorn Anatolia and nine sore from froe-living mioo,
caught in the wotoern Anatolia, uhowed no antihodioes
againet these viruses. From 45 sore from sheep derivinig
from the surroundings of Ankara (Numbers A 57-95 in
Tobl, 2), ii eca ohowod antibodion againot MVE virue.
Nine of those pooitivo suro wore aluo pooitvoc against WN
and 3 of thom woro positive against 0 II virusoe. Uut of
110 sera (Numbers H 10 und 104 in Tublo 2) froms the
oloughtoer-houes of Antakya (Vil Hatoy) and lakolidorun
(Vil Hatoy), which wore obtained muinly from sheep, but
also from sovural goats and oattle, 3 showed antibodios
against MVI. end D I, two against TOL end one against WN.
Two othero wore pouitivo egainst Sindbis virus. Table 2
lists all positive core including titers of IHI &ntibodioo
and the results of the NT, Tho results of the serological
survey usAnq the HI'-toot wore furthu'r prbvud by uvo of
the NT. All ponitivo II sorn Inrhibitod CPE of cello
oxpoood to thu somo virus.
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It is of great interest that animals from different
parts of Anatolia showed antibodies against arboviruses
of the groups A and S.

From our results we assume that in the surroundings
of Ankara WN virus, or an agent very closely related, is
active* Positive tests with MUE and 0 II antigens are
probably due to cross reactions with these group 8 viruses.

In the Vilayet Hatay, which is situated in the South-
east of Anatolia near the boundary to Syria, the activity
of two arboviruses - one of group A and one of group 8 -

could be demonstrated. From the results obtained with
serum number 41 it seems to be a reasonable assumption
that the group 8 agent is TBE virus. The results of the
tests of serum number H 20 indicate that in the Hatay-
Vilayet another group of B virus - perhaps West Nile virus -

may be active.

Summary

Sera (214) of domnstic animals and free-living mice
from Anatolia were tested for HI antibodies against se-
veral arboviruses (Sindbis, Semliki, TOE, WIest Ni.lev MVE,
Dengue II).

From these, all 49 sera of cattle and all 9 sera of
mice showed no antibodies against these viruses. From
the remaining 155 sera (mainly from sheep) 14 sara showed
antibodies against MVE, 10 against West Nile ,6 against
Dengue II, 2 against TBE and Sindbis. Some sera were
positive against two or even three different viruses.
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Table I

Serological survey of animal-sera from Turkey

Number of Animal Descent Number of
sera species district HI-positiue

sera

49 Cattle Central and 0
eastern
Anatolia

45 Sheep Surroundings 11 MVE/9 WN/
of Ankara /3'0 II

9 Mice Western 0
Anatolia

60 Sheep, Antakya 3 MVE/3 D II/
goats, (Hatay) / 2 TBE/l WN
cattle

so Sheep, Iskenderun 2 Sindbis
goats, (Hatay)
cattle
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Table 2

Results of HI and NT with animal-sera from Turkey

West Nile MVE D II TBE Sindbis Semliki
HI NT HI HI HI NT HI. NT HI

A 57 1:20 (+) 1:10 -.

61 1:10 (+) 1:10 - -.

64 1:40 (+) 1:40 1:10 - -

65 1:20 (4) 1:20 -. ..

73 1:20 (+) 1:20 1:10 - -

77 1:10.(+) 1:10 -. ..

79 1:10 (+) 1:10 -. ..

90 - (+) 1:10 -. ..

93 1:10 (÷) 1:10 1:10 - -

95 11 (4) 1:10 - - (-) -

H 10 - 1:10 1:20 1:10 (+) -

20 1:20 1:20 1:20 - (-) --

41 - 1:20 1:20 1:160(÷) -

42- (-) - - - 1:20 (+) -

104 -.. . 1:20 (+) -
. . .. . . . . . . . ..-. . ..•.
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